Powering OMAP™3 With TPS65950:
Design-In Guide

User's Guide

I3 TExXAS

INSTRUMENTS

Literature Number: SWCU056C
October 2008—Revised December 2009



SWCU056C—-0October 2008 —Revised December 2009
Submit Documentation Feedback
Copyright © 2008-2009, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWCU056C

I3 TEXAS
INSTRUMENTS

1 T} X [ To3 1o ] o PP 5
1.1 U001 5
1.2 0 1T o 5
1.3 L2 =] 1= o= 5
2 Y2 =T 1 6
21 o0 0 6
2.2 OVEIVIEW Of CONNECHIVILY uttuuseiuteistesaterse s e e e s n s s s n e s e s s n e s rn e sa e e ra e s s e e ranes 7
3 03T ST =T 1 = o0 1 =T o 7
3.1 [ o {0 o N 7
3.2 01T DTS (] 11 o o 11
4 )Y £ (=] 0 1Y, (o o 1= PP 14
4.1 01T U o = g Vo I =TT P 14
4.2 0T 15
4.3 Y= K= 1 o 3 oY 22 16
4.4 TPS659xx Power Management FEAtUIES ....iiiueiiiiiiisisriiiiineiiiisesiisasesiasiasressaiasreessaasnsesas 19
45 o | 20
4.6 L1015 = PP 23
SWCUO056C—0October 2008—Revised December 2009 Table of Contents 3

Submit Documentation Feedback

Copyright © 2008-2009, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWCU056C

I} TEXAS
INSTRUMENTS
www.ti.com
List of Figures
1 B0 o B A=Y I @a] o T=Tod 1Y/ Y/ 7
2 g Fo V(0T T 1T {0} g = od 1T L 9
3 TPS65950-OMAP3530 Platform Power DistribULION ... ..ueeessseiees s s e s e ssrr e sseanee s enannnessaannnenaannns 12
4 Platform Power-Up Sequence CRIONOOIAIM .....u..ueteiiiaeteesaaanessssaaneessaannsssaaannsessaannresssannnnssss 14
5 Reset and Control CONNECHIONS +..u.uueeeiiieeesraiaere s raastesssaasse st saass et asaasssssaanrsssaannnessaannnnssss 17
6 15375 (= T4 0Tt S @ T T 1= o1 1o 18
7 DVFS Control USING VIMODE PN +uuuueeistsissssseissssasss sttt sanesassssassssassiannsraisssinnsins 20
8 Analog INPUt OPLIONS fOr AUGIO + ... uueeeii et iis et r e s s s a e s s s s an e s s s annr e s sannnnessannes 21
9 Analog Output OPtIONS fOr AUTIO +.uueiuueeiineiristsriae et r s s s rar e raae e aannsrans 21
10 Example Connection Between TPS65950 Audio and OMAP35XX .uuvuuriruseiiterisssrinririseisineiainesinneas 22
11 Connection Between TPS65950 USB and OMAP35XX «uuuvuuueeirriuuneririinnsesiainnsesisannssisiinnssisannnes 23
List of Tables
1 R =T (=T Aot I T Yot 4= o1 £ 5
2 Platform Controls and Data INterCONNECHONS ... ettt irie s saie s ssaanr s srannnresias 10
3 Platform POWEr REgUITEMENTS ...ttt e e s s s s e ra s s e s s s n s raa e aannrns 10
4 Platform CloCK REQUITEMIENTS ...ttt ittt et e et e e rr e e s s s e e st s aan e s s asann e s aaannesssannnneninn 10
5 TPSE5950 POWET RESOUITES . uuuuusassssssssnsseessssssmsssssssssssssssssmemmeemsttmmmmmmaiessssssssssssnnnnrennnnns 12
6 01T =T g DTS 11 10y S 13
7 LI RS Lo 151 LT =TT} 1Y (o o = 15
8 R A O (o Tod QST o 1= o o= 11 [ ] o 18
4 List of Figures SWCUO056C—0October 2008—Revised December 2009

Submit Documentation Feedback
Copyright © 2008-2009, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWCU056C

I3 TEXAS
INSTRUMENTS

Powering OMAP™3 With TPS65950: Design-In Guide

User's Guide
SWCUO056C—-October 2008—Revised December 2009

1 Introduction

This document describes the system hardware implementation for the OMAP3530 device and the
TPS65950 companion [power integrated circuit (IC). The document concentrates on the power
connectivity for the processor and the companion power IC. The document also briefly explains some
other specifics related to power, such as the boot modes and the power-up sequence.

1.1  Purpose

The purpose of this system hardware implementation document is to describe the system design of the
OMAP3530-TPS65950 solution

1.2 Audience

This document is for an audience using the OMAP3530 with the TPS65950 companion power IC for any
application.

1.3 References

Table 1 lists reference documents that support this document.

Table 1. Reference Documents

Document Rev
OMAP35xx Technical Reference Manual (SPRUF98)
OMAP3530 Data Manual
TPS65950 Technical Reference Manual (SWCUO050)
TPS65950 Data Manual (SWCS032)
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2.1

System

This document describes the hardware interconnection between the OMAP3530 and its TPS65950
companion power IC.

Platform

The platform that supports the system is built on the OMAP3530 and the TPS65950 companion chip:

» The OMAP3530 is the first device in TI's OMAP™ 3 architecture to combine mobile entertainment with
high-performance productivity applications:

— First processor with advanced Superscalar ARM® Cortex™-A8 reduced instruction set computer
(RISC) core, enabling 3x gain in performance

— First processor designed in 65-nm complementary metal oxide semiconductor (CMOS) process
technology, adding processing performance

— Image/video/audio (IVA) 2+ accelerator, enabling multistandard (MPEG-4, WMV9, RealVideo®,
H263, H264) encoding/decoding at D1 (720 x 480 pixels) 30 frames per second (fps)

— Integrated image signal processor (ISP) for faster, higher-quality image capture and lower system
cost

— Leverage of SmartReflex™ technologies for advanced power reduction

— M-shield™ mobile security enhanced with ARM TrustZone™ support

— High-level operating system (HLOS) support for customizable interface

» The TPS65950 IC is an integrated power-management IC for applications powered by Li-lon or Li-lon
polymer batteries or Li-lon batteries with cobalt-Ni-manganese anodes. It is a generic companion chip
that can be connected to an application processor. It contains buck converters, low-dropout regulators
(LDOs), a charger module, an entire audio module with digital filters, input amplifiers, and output
class-D amplifiers. The TPS65950 IC provides several additional functions, such as a high-speed (HS)
universal serial bus (USB) physical layer (PHY) transceiver.
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2.2 Overview of Connectivity

Figure 1 is an overview of top-level connectivity.

Figure 1. Top-Level Connectivity
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Figure 1 shows the complete capability and connections for a typical OMAP3 architecture platform. This
document does not describe all the peripherals for OMAP3 design. This document concentrates on the
power connections for OMAP using the companion IC.

System Interconnect

This section describes the interconnections within the system, outlining for each function the power and
clock requirements. Whenever applicable, design constraints and limitations are given.

3.1 Platform

The platform, or host system, is composed of the OMAP3530 and the TPS65950 companion IC. The
following sections describe the connections in the host system only. Information about the specific
functions supported by the platform is in their respective sections.
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3.1.1 Features
The TPS65950 companion IC is the system clock manager:
» It generates a 32-kHz clock from a crystal or an external sine wave and delivers a square digital
waveform to the entire system.
e It collects all the high-frequency clock requests from the system and forwards the demand to the
system clock source.
» It buffers the high-frequency clock from the source and delivers a square digital waveform to the entire
applicative system.
3.1.1.1 Power-On and Reset Management
The TPS65950 companion IC is the system power-on and reset manager:
» A push-button debouncing starts the state-machine (master configuration).
» It controls the reset release of the OMAP3530.
» It controls the warm reset steps when instructed to do so by the OMAP3530 or the user.
» It can control power-on of an auxiliary subsystem.
3.1.1.2 Power Management
The TPS65950 companion IC is the system power manager:
» It integrates several power supplies (DCDC/SMPS or LDO types) to meet the system demands in
terms of currents and voltages.
» ltis the processor power companion, providing all required power supplies and power-management
functions (dynamic voltage scaling, SmartReflex) to the OMAP3530. SmartReflex is controlled through
a dedicated HS inter-integrated circuit (12C™) link.
« It can control the activation of additional power resources (external LDOSs).
3.1.1.3  System Management
TPS65950 modes of operation and states are entirely configurable through register access using the HS
I>’C configuration interface. Additionally, the TPS65950 IC implements:
» Several functional interrupts that can be routed to one or two targets
« Internal and external signal monitoring, with the analog-to-digital conversions requested by software or
by hardware
» Secure software access protocols for digital rights management (DRM)
8 Powering OMAP ™3 With TPS65950: Design-In Guide SWCU056C-October 2008—Revised December 2009
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3.1.2 Block Diagram

Figure 2 is a block diagram of platform interconnections.

Figure 2. Platform Interconnections
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Figure 2 is an overview of power, clocks, and reset management connections. For detailed power
connections, see Figure 3.

3.1.3 Controls and Data Interconnections
Table 2 lists the platform controls and data interconnections.
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Table 2. Platform Controls and Data Interconnections

Signal ID Mode Ball Power Domain Dir Signal ID Mode Ball Power Domain
OMAP3530 TPS65950
Sys_nreswarm 0 AF24 VDDS1 NRESWARM B13 10_1P8
Sys_nrespwron 0 AH25 VDDS1 NRESPWRON A13 10_1P8
sys_nirq 0 AF26 VDDS1 INT1 F10 10_1P8
sys_clkreq 0 AF25 VDDS1 CLKREQ G10 10_1P8
sys_off_mode 0 AF22 VDDS1 NSLEEP1 P7 10_1P8
sys_drm_msecure 1 AF9 VDDS1 MSECURE H8 10_1P8
OMAP3530 Push button
Sys_nreswarm 0 AF24 VDDS1 NRESWARM

3.14 Boot Pin Interconnections
The TPS65950 companion IC has the following boot pin connections:
 BOOTO pin is tied to 1.
* BOOT1 pin is tied to ground.
3.15 Power Requirements
Table 3 lists the platform power requirements.
Table 3. Platform Power Requirements
Signal ID Type Vmin Vnom Vmax Domain
VBAT Input 2.7 3.6 4.5 Battery pack positive terminal
CP.IN Input 2.7 3.6 4.5 USB charge pump
VAUX12S.IN Input 2.7 3.6 4.5 VAUX1/2 and VSIM
VPLLA3R.IN Input 2.7 3.6 4.5 VPLL1/2, VAUX3, and VRTC
VAUX4.IN Input 2.7 3.6 4.5 VAUX4
VMMCL.IN Input 2.7 3.6 4.5 VMMC1
VMMC2.IN Input 2.7 3.6 4.5 VMMC2
VDAC.IN Input 2.7 3.6 4.5 VDAC and VINTANAL/2
VDDL1.IN Input 2.7 3.6 4.5 VvDD1
VDD2.IN Input 2.7 3.6 4.5 VDD2
VIO.IN Input 2.7 3.6 4.5 VIO
VBAT.USB Input 2.7 3.6 4.5 USB LDOs
VAC Input 2.7 3.6 4.5 Charger
VBUS Input 2.7 3.6 4.5 USB supply
3.1.6 Clock Requirements
Table 4 lists the clock requirements for the TPS65950 companion IC.
Table 4. Platform Clock Requirements
Pad Clock Frequency Stability Duty Cycle
Crystal +30 ppm 40%/60%
32KXIN 32.768 kHz Square wave - 45%/55%
32KXOUT ' q
Sine wave - -
Square wave +150 PPM -
HFCLKIN 19.2 MHz, 26 MHz, 38.4 MHz :
Sine wave - -

10 Powering OMAP™3 With TPS65950: Design-In Guide
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3.1.7 Constraints and Limitations

3.1.7.1 I°C Bus

The I°C interfaces are HS interfaces. Consequently, the I°’C clock signal can reach 3.4 MHz. This
indication must be considered in the case of connecting other I’C devices not necessarily compliant with

that standard.

3.1.7.2 Msecure

If used, Msecure must be driven by OMAP3530 software to allow or prevent writing in the TPS65950
real-time clock (RTC) register and hash tables. If unused, the TPS65950 MSECURE pin must be tied to
VIO. For instance, sys_secure_indicator can be used to indicate Msecure activation by driving an LED.

3.2 Power Distribution

3.21 Platform Power Distribution
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3.21.1 Block Diagram

Figure 3 shows the platform power supply, based on the OMAP3530 application processor and the
TPS65950 power IC chip.

Figure 3. TPS65950-OMAP3530 Platform Power Distribution
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3.2.1.2 Resources

Table 5 lists the TPS65950 power resources.

Table 5. TPS65950 Power Resources

Signal ID Type Vrange/Vlist Step/Accuracy Imax
VDD1_OUT SMPS 0.6t0 145V 12.5 mv 12A
VDD2_OUT SMPS 0.6t01.45V 12.5 mv 600 mA
VIO_OUT SMPS 18,185V 4% 600 mA
VDAC_OUT LDO 1.2,13,18V 3% 70 mA
VPLL1_OUT LDO 1.0,12,1.3,18,2.8,3.0V 3% 40 mA
VPLL2.OUT LDO 0.7,1.0,1.2,1.3,15,1.8,1.85, 2.5, 2.6, 2.8, 3% 100 mA

2.85,3.0,3.15
VMMC1_OuUT LDO 1.85,2.85,3.0,3.15V 3% 220 mA
VMMC2_OUT LDO 1.0,12,13,15,1.8,1.85, 25, 2.6, 2.8, 2.85, 3% 100 mA
3.0,3.15V
VSIM_OUT LDO 1.0,12,1.3,18,28,3.0V 3% 50 mA
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3.2.1.3

3.2.14

Table 5. TPS65950 Power Resources (continued)

Signal ID Type Vrange/Vlist Step/Accuracy Imax
VAUX1_OUT LDO 15,18,25,28,3V 3% 200 mA
VAUX2_OUT LDO 1.3,15,1.7,1.8,1.9, 2.0, 2.1,22,23,24,25, 3% 100 mA

28V
VAUX3_OUT LDO 15,18,25,28,3.0V 3% 200 mA
VAUX4_OUT LDO 0.7,1,1.2,1.3,15, 1.8, 1.85, 25, 2.6, 2.8, 2.85, 3% 100 mA
3.0,315V
Additional resources are described in relevant SID sections.
Distribution Summary
Table 6 lists the power distribution.
Table 6. Power Distribution
Signal ID Vnom Imax Dir Signal ID Imax
TPS65950 OMAP3530
VDD1 0.6t01.45V 1100 mA vdd_mpu_iva 1200 mA
VDD2 0.6t01.45V 600 mA vdd_core 600 mA
VIO 1.8and 1.85V 600 mA vdds_sram 41 mA
vdds 63 mA
vdds_mem 37 mA
vdds_wkup_bg 6
(25 mA in emul mode)
Total 147 mA
VDAC 1.2t0 1.8V 70 mA vdda_dac 65 mA
VMMC1 1.850r3.15V 220 mA vdds_mmcl 60 mA
VPLL1 1,1.2,13,18V 40 mA vdds_dpll_dll 25 mA
vdds_dpll_per 15 mA
Total 40 mA
NOTE:

If any LDO is not used, the corresponding output pin must be left floating.

If any DCDC is not used, the corresponding output pin must be floating and the
feedback pin must be grounded.

Constraints and Limitations

» The power traces from the TPS65950 companion IC to the OMAP3530 must be large enough to
supply the maximum current required by OMAP. Avoid thin traces on supply lines. Choose short and
wide traces whenever possible.

« All digital, CLK, RF lines must be far from power traces to avoid any noise coupling effect.
» Put the via to GND very close to the GND pad of the decoupling capacitor (in the pad if possible).

» The supply trace coming from the TPS65950 companion IC must go first to the decoupling capacitor
and then to the relevant OMAP3530 power ball.

» The decoupling capacitors must be placed as near as possible of the TPS65950 companion IC and
OMAP power balls.

» Ideally, place the decoupling capacitor in the same layer as the chip, to avoid any additional parasitic
inductor causes by vias.

For more information about layout, see the TPS65950 Layout Guide (SWCUO055).
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4 System Modes
4.1 Power Up and Reset
4.1.1 Platform Power-up and Reset Sequence

4.1.1.1 Platform Power-up Sequence
Figure 4 shows the platform power-up sequence.

Figure 4. Platform Power-Up Sequence Chronogram
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The power-up sequence includes the following main steps:
1. TPS65950 VIO is ramped up:
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(a) The vdds_wkup_bg, vdds_mem, vdds_sram, and vdds balls of the OMAP3530 are supplied.
(b) The OMAP3530 internal LDO (LDO3) ramps up.
(c) sys_nrespwron is asserted low.

2. TPS65950 VPLL1 and VDD2 ramp up:
(a) The OMAP3530 vdds_dpll_dll, vdds_dpll_per, and vdd_core balls are supplied.
(b) Wait for VDD2 stabilization.

3. TPS65950 VDD1 is ramped up:
(a) The vdd_mpu_iva ball of OMAP3530 is supplied.
(b) Wait for VDD1 stabilization.

4. The 32-kHz clock is delivered by the TPS65950 IC: The OMAP3530 reset manager holds the entire
device under reset.

5. The HF clock is provided by the TPS65950 IC: The HF clock is gated by the OMAP3530 power, reset,
and clock management (PRCM) module.

6. NRESPWRON is released by the TPS65950 IC: OMAP3530 boots (sys_nrespwron can be released as
soon as the vdds_dpll_dll power rail is stabilized and sys_xtalin and sys_32k are stabilized).

7. The OMAP3530 performs an eFuse check.

The OMAP3530 releases sys_nreswarm.

9. Auxiliary TPS65950 ICs are switched on by software on demand.

©

41.1.2 Platform Power-off Sequence

The TPS65950 power-off sequence includes the following steps:
1. System reset. sys_nrespwron is asserted by the TPS65950 IC and the HF clock is stopped.
2. All power resources of the TPS65950 IC are switched off.

4.2 Boot
421 TPS65950 Boot Description
The TPS65950 IC acts as the master power IC for the OMAP3530 platform. The TPS65950 IC has two
possible boot modes when used with the OMAP3530 processor: master mode and slave mode. These two
modes can be configured by two hardware input pins as shown in Table 7.
Table 7. TPS65950 Boot Modes
Boot Mode BOOTO BOOT1
Master 1 0
Slave 1 1
In master mode, the TPS65950 IC accepts a power-on button and controls the other power ICs in the
system. The master power IC decides to power up or down the system. In slave mode, the TPS65950 IC
is controlled by another device in the system with a digital signal on the PWRON input.
4.2.2 Boot Process Mode (BOOTO Signal)
The TPS65950 IC can experience two different behaviors at booting, depending on the BOOTO signal.
This signal sets three different parameters:
* The boot core voltage delivered by the TPS65950 IC
* The power sequence
e The DVFS control protocol
In this system, the TPS65950 IC is set in C0.21 boot process mode (BOOTO = 1). This implies:
* Boot core voltage is 1.2 V.
* The power-up sequence is VIO first, then VDD1 and VDD2.
SWCUO056C—0October 2008—Revised December 2009 Powering OMAP ™3 With TPS65950: Design-In Guide 15

Submit Documentation Feedback

Copyright © 2008-2009, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWCU056C

13 TEXAS
INSTRUMENTS

System Modes www.ti.com

* The DVFS protocol is SmartReflex.

4.3 Resets and Clocks

43.1 Resets

Following are the reset functions available on this device. TPS65950 is the system power-on and reset
manager:

» A push-button debouncing starts its state-machine (master configuration). The pin controlling this
function is the PWRON pad.

» It controls the reset release of the applicative part of OMAP3430. The pin controlling this function is the
NRESPWRON pad.

» It controls the warm reset steps when instructed to do so by the processor or the user. The pin
controlling this function is the nWARMRESET pad.

» It can optionally control the power on of an auxiliary subsystem (additional power-on manager such as
the RF subsystem power IC). The pin controlling this function can be REGEN, SYSEN, or any other
power resource.

43.1.1 PWRON

The PWRON signal is activated by a push button when the device is in master mode. In master mode, the
voltage on this input is the battery voltage. PWRON can also be driven by a digital signal when the device
boots up in slave mode. In slave mode, PWRON is activated when driven high by the master power IC.

In some specific user cases, a push button is not essential. In this case, PWRON can be connected to the
battery supply. If this is done, then connecting the battery supply on the VBAT pin acts as the power-on
event. Care must be taken to ensure that the battery supply is stable and more than the threshold. The
threshold for the VBAT trigger to power on the device is 3.2 V + 100 mV.

43.1.2 NRESPWRON

The nRESPWRON output signal is the reset signal delivered to the OMAP processor at power-on reset
(POR) when the core voltages and input/output (I/O) supplies are correctly set up. See the power up
sequence diagram shown in Figure 4.

43.1.3 nWARMRESET

NRESWARM is an active low input reset signal to the device. Depending on the application, this signal can
be connected to a reset button, an RC cell, or the warm reset output of the OMAP application processor.

This reset signal can be used to put the device into a known stable state. For the warm reset signal to be
functional there should be a predefined sequence programmed in the device memory. For details about
this sequence,see the TRM.
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Figure 5. Reset and Control Connections
| VBAT | TPS65950 OMAP35xx
32KCLKOUT »| SYS_32K
HFCLKOUT »| SYS_XTALIN
¢ VBAT CLKREQ CLKREQ
INT1 »| SYS_nIRQ
NSLEEP1 |« SYS_OFF_MODE
Push But
ushButton | NnRESPWRON »| SYS_nRESPWRON
e—— PWRON
NRESWARM |« SYS_nRESWARM

SWCU056-005

NOTE: If the system does not power up correctly and REGEN keeps toggling, try grounding the TEST.RESET
pin. On some platforms keeping TEST.REST floating created instability.

4.3.1.4 Resetting the System

There are two resets available on TPS65950: NRESPWRON and NRESWARM. NRESPWRON is an
output from TPS65950 that at initial power-on de-asserts and takes OMAP out of reset. This reset must
not be used to reset OMAP asynchronously. If an external circuit is used to assert NRESPWRON to reset
OMAP, then this assertion causes OMAP to reset and it may cause the platform to be unstable. When
OMAP resets, it de-asserts (drives low) SYS_OFF_MODE signal. If TPS65950 is programmed with a
SLEEP sequence, then driving this signal low will change the DCDC output signals as programmed in the
sequence. If the DCDC reduces to a level where it cannot power-up OMAP core domains, then the system
will hang or be in a weird undefined state.

To avoid the above behavior it is recommended that OMAP and TPS65950 be reset using the warm reset
feature on both devices. OMAP warm reset can be configured as an input. If external logic drives the
warm reset low on both OMAP and TPS65950, then both devices would be reset without abnormal
behavior. Ensure that HFCLK is maintained during a warm reset.
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43.2

Clocks

This section provides information about the slow and fast clock requirements for the device.

Figure 6. System Clock Connections

32-kHz digital input
r—-———--~-——~—-~ [

T I 32KCcLkouT X L J 1

32-kHz Crystal input
HFCLKOUT X

JUUUL

OR
<] HFCLKIN
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4321 Slow Clock (32KHz)

The 32-kHz clock (32.768 kHz) circuit can function with either an externally supplied digital signal or a
quartz crystal. The 32-kHz clock drives the real-time clock (RTC), which is used by the device for various
functions.

Regardless of whether the device 32-kHz oscillator circuit runs directly from a crystal or from an external
32-kHz signal, the device buffers the resulting 32-kHz signal and provides it as 32KCLKOUT, which can
be provided externally to the application processor or other devices. The default mode of the 32KCLKOUT
signal is active, but it can be disabled.

Table 8. 32-kHz Clock Specifications

Pad Clock Frequency Stability Duty Cycle

32KXIN, 32KXOUT 32.768 kHz | Crystal + 30 ppm 40% / 60%
Square wave - 45% / 55%
Sine wave - -

4.3.2.2 High-Frequency Clock

HFCLKIN is the high-frequency input clock. It can be a square- or sine-wave input clock. If a square-wave
clock is provided, it is recommended to switch the block to bypass mode to avoid loading the clock.

The high-frequency clock circuit does not modify the input clock characteristics. It acts as a slicer when a
sine wave oscillator is used. If a square wave is supplied at the clock inputs then the clock slicer should
be in the bypass mode. In any case, the oscillator clock characteristics are not degraded due to this
circuit. For complete compatibility of the clock characteristics ensure that the input high-frequency clock
satisfies the OMAP clock requirements.
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NOTE: Ensure that the external HF oscillator has a start-up time of less than 5.3 ms. At initial
power up the internal design has a default timer that enables HFCLK to OMAP. If HFCLK is
not provided to OMAP before NnRESPWRON goes high then the system does not function
correctly. If the delay cannot be met, a workaround would be to delay the nRESPWRON
signal using an external supervisory.

4.4 TPS659xx Power Management Features

The OMAP3 applications processor has various power management features that are supported by the
TPS659xx devices. Each power resource on the TPS659xx can be controlled individually or as groups for
efficient power management with the OMAPS3 applications processor. The power resources can be
configured in multiple states.

The resources operating states can be categorized as follows:

e ACTIVE: The power resource is supplying the nominal voltage with full load current capability.

e SLEEP: The power resource is supplying the nominal output voltage with low power consumption but
with a low current capability.

* OFF: The output voltage is not maintained and the power consumption is practically zero volts.

These three states can be controlled by the OMAP processor, either through the inter-integrated circuit (
[>)C™) bus or using the external control signals, such as the nSLEEP1, nSLEEP2, and CLKREQ.

44.1 State Control Using nSLEEP1, nSLEEP2, and CLKREQ Signals
TPS65950 provides the possibility to group its resources into three processorgroups — P1, P2, and P3.

The goal is to group all resources required by the same processor into one group so that their states (ON,
OFF, SLEEP) can be changed in unison upon request.

Processor group 1 (P1) is typically used for all resources associated with the application processor, in this
case OMAP35xx; processor group 2 (P2) typically contains all resources associated with the modem (if
applicable) while processor group 3 (P3) contains the resources associated with peripherals or clock
system.

Each resource (such as a power supply, a clock, or an output signal) of TPS65950 can be allocated to
none, one, two, or all three processor groups. This allocation is user-programmable; a default allocation
exists which depends on the boot mode.

If different resources are allocated to more than one processor group and these processor groups request
the resource to be in different states (ON, SLEEP, or OFF) then the resource always enters the highest
required state. For instance, if a resource is allocated to P1 and P2, P1 requests ON state and P2
requests SLEEP state, then the resource enters ON state. Conversely, if a resource is not allocated to any
processor group it is always in OFF state.

The state control signals nSLEEP1, nSLEEP2, and CLKREQ are used to trigger the execution of state
transitions for P1, P2, and P3 respectively.

442 Power Management Techniques

4421  Direct Control Software Scaling Mode (Using VSEL)

Every power resource on the TPS659xx can be controlled for different voltage levels. The OMAP3
application processor can send I?°C commands to set various voltage levels on the power resources.
Depending on the voltage and frequency requirement, software can command TPS659xx power resource
to change voltage levels accordingly.

This technique can be used for the LDOs on this IC. To control and manage the DCDC output levels it is
best to use the SmartReflex technique explained in Section 4.4.2.3.
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4422 DVFS (Using VMODE)

TPS659XX can automatically set the supply voltage of two of its switch mode power supplies (SMPSs),
VDD1 and VDDZ2, to two different levels — Vroor (the higher level) and Vi ook (the lower level). This option
is disabled by default and can be enabled independently for VDD1 and VDD2 by two dedicated status bits.

The setting of Vgoor and Ve oor is independent for DCDC1 and DCDC2; that is, different Vgoor and Ve oor
levels can be programmed for DCDC1 and DCDC2. Four dedicated registers are used to set these
voltage levels — VDD1_VFLOOR, VDD1_VROOF, VDD2_VFLOOR, and VDD2_VROOF. These registers
are programmed through I1°C.

The supply voltage selected depends on the input level of the associated voltage control pin. The
VMODEL1 pin controls the output voltage of the VDD1 supply while the VMODEZ2 pin controls the output
voltage of the VDD2 supply.

If the VMODE pin is high then the associated power resource supplies Vroor; if VMODE is low it supplies
VFLOOR'

Figure 7. DVFS Control using VMODE pin

VDDx

OMAP35xx VMODEx R TPS659xx

A

VMODEXx | |

H LT Vroof
VDDx w

SWCU056-007

4.4.2.3 SmartReflex

With SmartReflex, it is possible to meet a specific frequency performance from a strong silicon device at a
much lower voltage than from a weaker silicon device. SmartReflex takes advantage of this by lowering
the supply voltage, resulting in lower active and leakage power.

The TPS659xx family of devices supports Class3 SmartReflex. This provides dynamic voltage
management for two DCDC switching supplies (VDD1 and VDDZ2) powering the OMAP3 core supplies,
VDD_MPU and VDD_CORE. This hardware technique provides excellent power savings.

SmartReflex is disabled by default. It can be enabled by setting the
DC-to-DC_GLOBAL_CFG[SMARTREFLEX_ENABLE] bit to 1. Further control of the voltage level can be
done by configuring the VDD1_SR_CONTROL and VDD2_SR_CONTROL registers.

The communication for SmartReflex commands is done through the dedicated I°C interface (12C4 on
OMAP35xx and 12C.SR on TPS659xx). The OMAP35xx processor acts as the master controller for
adjusting the VDD1 and VDD2 power supplies on TPS659xx.

This technique yields the maximum power savings on the system.

4.5 Audio
The audio module for this family of devices exists on the TPS65950 and the TPS65930. TPS65950 has
two input amplifiers and multiple analog output options (Class-D, headset, ear, predriver). TPS65930 has
one input amplifier and one analog output (predriver).
Figure 8 and Figure 9 show the input and output options available with TPS65950.
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Figure 8. Analog Input Options for Audio
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Figure 10 shows a typical connection between TPS65950 and OMAP35xx application processor.
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Figure 10. Example Connection Between TPS65950 Audio and OMAP35xx
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46 USB

The TPS659xx includes a universal serial bus (USB) on-the-go (OTG) transceiver with CEA and MCPC
carkit interfaces. It supports USB 480Mbps high-speed (HS), 12 Mbps full-speed (FS), and 1.5Mbps
low-speed (LS) through a 4-pin UTMI+ low pin interface (ULPI).

The device includes a charge pump capable of supplying a typical 4.8-V, 100-mA output. The USB
interface can be configured in several modes. For details, see the technical reference manual.

Figure 11. Connection Between TPS65950 USB and OMAP35xx

OMAP35xx HSUSB_CLK TPS65950
HSUSB_STP
HSUSB_DIR
HSUSB_NXT

HSUSB_DATAQ

USB 2.0 HSUSB_DATA1

HS-OTG HSUSB_DATA2
transceiver

HSUSB_DATA3 USB 2.0 HS-OTG USB/car kit
HSUSB_DATA4 transceiver with connector
HSUSB DATA5 carkit Interface

HSUSB_DATAG
HSUSB_DATA7?
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NOTE: In case there is a need to use an external 5-V supply for larger current needs then one can
use an external supply; however, the VBUS pin from the device must be connected to the
VBUS pad on the USB connector.

This is necessary for the internal comparators of the USB module to support the correct
functioning in OTG mode and VBUS detection.

SWCUO056C—0October 2008—Revised December 2009 Powering OMAP ™3 With TPS65950: Design-In Guide 23
Submit Documentation Feedback
Copyright © 2008-2009, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWCU056C

IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products [vww .dIp.comn] Broadband [pww i.com/broadband
DSP Fspicom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers nicrocontroller.fi.conj Telephony lvww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions | {r.com/prl Wireless [vww fi.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2009, Texas Instruments Incorporated


http://amplifier.ti.com
http://www.ti.com/audio
http://dataconverter.ti.com
http://www.ti.com/automotive
http://www.dlp.com
http://www.ti.com/broadband
http://dsp.ti.com
http://www.ti.com/digitalcontrol
http://www.ti.com/clocks
http://www.ti.com/medical
http://interface.ti.com
http://www.ti.com/military
http://logic.ti.com
http://www.ti.com/opticalnetwork
http://power.ti.com
http://www.ti.com/security
http://microcontroller.ti.com
http://www.ti.com/telephony
http://www.ti-rfid.com
http://www.ti.com/video
http://www.ti.com/lprf
http://www.ti.com/wireless

	Powering OMAP™3 With TPS65950: Design-In Guide
	Table of Contents
	1 Introduction
	1.1 Purpose
	1.2 Audience
	1.3 References

	2 System
	2.1 Platform
	2.2 Overview of Connectivity

	3 System Interconnect
	3.1 Platform
	3.1.1 Features
	3.1.1.1 Power-On and Reset Management
	3.1.1.2 Power Management
	3.1.1.3 System Management

	3.1.2 Block Diagram
	3.1.3 Controls and Data Interconnections
	3.1.4 Boot Pin Interconnections
	3.1.5 Power Requirements
	3.1.6 Clock Requirements
	3.1.7 Constraints and Limitations
	3.1.7.1 I2C Bus
	3.1.7.2 Msecure


	3.2 Power Distribution
	3.2.1 Platform Power Distribution
	3.2.1.1 Block Diagram
	3.2.1.2 Resources
	3.2.1.3 Distribution Summary
	3.2.1.4 Constraints and Limitations



	4 System Modes
	4.1 Power Up and Reset
	4.1.1 Platform Power-up and Reset Sequence
	4.1.1.1 Platform Power-up Sequence
	4.1.1.2 Platform Power-off Sequence


	4.2 Boot
	4.2.1 TPS65950 Boot Description
	4.2.2 Boot Process Mode (BOOT0 Signal)

	4.3 Resets and Clocks
	4.3.1 Resets
	4.3.1.1 PWRON
	4.3.1.2 nRESPWRON
	4.3.1.3 nWARMRESET
	4.3.1.4 Resetting the System

	4.3.2 Clocks
	4.3.2.1 Slow Clock (32KHz)
	4.3.2.2 High-Frequency Clock


	4.4 TPS659xx Power Management Features
	4.4.1 State Control Using nSLEEP1, nSLEEP2, and CLKREQ Signals
	4.4.2 Power Management Techniques
	4.4.2.1 Direct Control Software Scaling Mode (Using VSEL)
	4.4.2.2 DVFS (Using VMODE)
	4.4.2.3 SmartReflex


	4.5 Audio
	4.6 USB





